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(57 ) ABSTRACT 

The invention relates to a method of removing the fibrous 
shells from cereal grains. This method according to the 
invention comprises a pretreatment step, wherem the mois- 
ture content of the cereal grains is increased e.g. in the case 
of corn grains from 16 to more than 20% by weight 
followed by the step of exposure of the predated grains to 
a thermal shock by means of a cryogenic medium and 
thereafter mechanical treatment step thereof. 

19 Claims, 1 Drawing Sheet 
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„. unv ™r twtt pmpnilS of com), which if desired contains a small amount of 

METHOD OF REMOVING TOE FIBROID « « for g fcw d 

SHELLS FROM CEREAL GRAINS SSSKS Xeq^ndy milled into a slurry such thai 

CT ct nnPTOT INVENTION the 8'™ s are not imaged. 7,16 slurr y L th " s obt r 6d " 

FIELD OF THE INVENTION pass | d over screeQ ben dings and through hydrocyclones m 

PWlv ihk invention relates to a method of removing order to remove the germs from the slurry. The germs 

iJ^toSSte method comprising a separated are dewatered and dried. The slurry, from which 

Erf 0££ otZt^Z to a thermal Lck by Z germs have been removed, is milled again and passed 

TiSpSEL and a s£p of mechanic, treatment ^^^^^J^Z^Z 
thcreof - 10 s hcU of the com kernels. The fibres are washed in counter- 

DESCRIPTION OF THE PRIOR ART current with water in order to limit the loss of starch and to 

DESCRIPTION UV 1 tt* rtuu* m ^ ^ ^ ^ ^ washjng ^ thfl 

A method of this kind is known from Belgian patent 902 fibres are dewatered and dried with the aid of conventional 

584, for example. In this known method of separating the techniques, and stored. 

exterior shell layer or layers from the remaining portion of 15 slurrV) wn ich now consists primarily of granules of 

legumes and cereals, the agricultural products to be treated starch and glute n and water, is separated into a fraction of 

are cooled or frozen, preferably using liquid nitrogen, slarch and a fraction of gluten. This separation is carried out 

their two lobes by tnese treaimem siep enzymes in order to obtain all sorts of compositions 

Furthermore a similar cooling step using for example ™ \ If desired the starch can be modified into 

liquid nitrogen for separating the sheUs from cereal grains « « t J derivatives thereof, 

known from DE-A-2 938 635, by which it is intended that more *v* 

onl^h^ .Tcortlated grains are exposed to a milling treat- * OBJECTS OF THE INVENTION 

ment after separation and that the inert (nitrogen) gas 0n6 of me ser i OU s disadvantages of these traditional 

atmosphere reduces the risk of explosion. « wct » methods of processing is the large volume of water, 

temperature, where the fats are in asohd (solidified) state. ^w2^ be reiuJs in other parte o£ tte 

An improvement of this prior art method is known from U.S tt industria l waste water, which 

Pat. No. 4,090,669, wherein the seeds are subjected to a P™^ b ;° dis< ^§ of „ such via the sewer, so that high 

thermal shock in a fluid bed, preferably using a cryogenic ^ CQSts afe involved m me disposa i an d processing 

medium. 0 f ^ fci nd of water. 

U.S. Pat. No. 4,436,757 discloses a method of removing Although the dry methods mentioned above using a 

the shells of sunflower seeds (decorticating) and the sepa- cryo genic medium, wherein the shell is removed while the 

ration (hulling) thereof from the "meat", wherein the seeds graifls afe deepIy cooledj do not suffer from the disadvan- 
are immersed in a bath of liquefied gas like liquid nitrogen ^ togeg involved m the wet processing regarding drying and 

for 1 to 6 minutes, and directly afterwards the seeds thus dewa tering, respectively waste water, and from that point of 

treated are contacted with a liquid or other aqueous beating yiew Jook very pr0 mising, these methods have not been used 

medium having a temperature, which is at least 100° F. Qn m ^dustrial scale as far as known in the processing of 

higher than the boiling point of the liquefied gas, cerea] grains int0 individual fractions of starch and gluten 
In general dry methods for removing the shells from 45 respectively. In this regard it has to be noted that in the cereal 

cereals, legumes, seeds and the like are preferred to wet processing industry a distinction is made between on the one 

methods, which are applied conventionally, wherein large hand wet processes ("wet milling"), wherein the separation 

amounts of water are required, as explained hereinbelow. of lbe ^real grains into the different constituents 

In the cereals processing industry, e.g. in the processing of such as starch, gluten, germs and the like is aimed for, which 
wheat com soy and tapioca into fractions containing the 5 0 constituents are suitable for different end purposes, and on 

different constituents of the cereals, traditionally the non- the other hand dry processes ("dry milling"), wherein such 

usable materials like foreign matter and broken grains are a separation into the different constituents is not intended 

separated in a first step ("cleaning") by means of screening but instead thereof a flour is obtained, which is composed ot 

on a vibrating table, optionally using a forced flow of air and a u constituents of the cereal grains, 

electromagnets in order to remove metal parts. In such a 5 5 Firstly, the object of the present invention is to provide an 

separation step the cleaned cereal grains to be processed improved method for the processing of cereal grains into 

further are separated from the non-usable fraction based slarcn an d gluten, wherein the shells of the cereal grains are 

upon differences in size and/or weight. A drawback thereof removed in an efficient manner at a relatively low need for 

is the limited accuracy which can be achieved in such a water an d energy. 

separation. The cereal grains, from which the foreign matter 6 0 a further object of the invention is to provide substeps, 

has been removed, is used as starting material for further su j taD le in the processing of cereal grains into starch and 

"wet" processing. Hereinbelow an example of the wet gluten, wherein almost no water or no water at all is 

processing of corn into fractions of gluten and starch respec- required. 

lively is described in detail. SUMMARY OF THE INVENTION 

^^^S^l^'lSS!: " ne.ethodofre.ovingnbrousshe.lsfro.cerealgrains 

certain cSy ol ^waMapproximately 1,5 toe the weight according to the invention compnses a step of exposure of 
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the cerea. grains to a thermal shock by a cryogenic medium cereal gnnns have been removed 

and a step of mechanical treatment i ereof, wh«em he W«M - ^ ^ rf ^ ^ 

method also comprises a pretreatment step, wherein the suojwwo m . , d heM transfef 

cereal grains am subjected mamouttemng^tm^t ^^^^^m shel i and the remaining 

It has been found that when cereal grams, which normally coem comprising the germ and the endosperm 

contain a relatively low moisture content in the range of por B , r enhanced during the 

10-18% after harvesting and at storage, are aUowed to ^J^,™^ Prefcrablv the method is carried out 

absorb water for a sufficient period of time, and the cereal mecbameal ds * &n environmeot of 

grains thus moistened are exposed I to a ^"J™^ M J' or carbon dioxyde, for example by immersion in 

means of a cryogenic medium then the shell _ very easdy g or by spraying 0 f the cryogenic 

splits off from the remainder of the «^ «V «J *™g the such ^cry g eerea , ins or ta a reac tor having a 

subsequent mechamcal operation. When the pretreatment mem sucked 

according to the invention is applied, furthermore it has J™^j£JecLei SU p erco oled and freezes while 

appeared that the cereal grains do not need to be cooled Jj JJ^g'^Wi generates the stresses and strains within 

deeply, with the result that the exposure toe to the cryo- is »™2™» ttie ^ liqui d nitrogen and/or 

genie medium can be retained low which has a benefice °evaporat! after establishing the thermal 

S^SS—S ££ and &. gases can be disposed off in an unhindered 

germs, which is undesired in view of the subsequent pro- jW^ttf ££££5y the sheU is 

cessing steps. L LJ ,, mt n-»t removed but also the germ is detached from the shell as well 

JPJttf^^&tEZ ^mmTeXermmatrU without damage 
Stent period of S enhanL the strain^ and stresses, » Advantageously the cereal grains are subjected to a coa.se 

which I S in mi shell as the water freezes rapidly milling operation immediately following the exposure to the 

mereta aJd ^S^e cereal grains thus treated are subjected to a thermal shock. In other words when the water m the capd- 
therein, ana me cereal gr Preferably this coarse millmg operation 

mechamcal operation. |! c!rried out in a milling device in such a manner by 

BRIEF DESCRIPTION OF THE DRAWINGS 30 jdjusting ^ rate and fineness tha t the germs will remain 
In the accompanying drawing a block diagram of the ^arse milling operation contributes to the 

processing of corn according to the invention into starch and detachment of the shell and the germ, 
gluten is schematically shown. fi br01 is shells are crimped from the cereal grains by 

DESCRIPTION OF THE PREFERRED „ the combination of pretreatment, thermal shock and 

EMBODIMENTS 35 mechanical operation, thereby a dry mixture of the different 

..u ■ . ■ ™,« in constituents being obtained. This dry mixture can be easily 

Preferably the pretreatment with moisture is earned ou t in ^™ ( 8 and/or weight J th the aid of suitable 

such a manner that the moisture penetrates only into the separate^ m sia ^a / g fa ^ 

capUlaries, which are present in the sheU (between aleurone £SK»Ib is retained at relatively large 

and cross cells and tube cells) and around the germ (between n ° a ™, ativel low weigh ,. A middle sized 

a so called "cementing layer" and endosperm matnx) E*co3 smaUer parts of the shell in addition to 

Experiments with corn have shown that a steeping tome of ^^Hnd genns. A small sized fraction contains 

about 15 minutes to about 1 hour is sufficient to fill the JJg * , 0 starch and gluten . 

capUlaries with water at room temperature. With respect evennner ^pare ^ Jn t (deQsity) , he flbre 

thereto it is noted that the capillary between germ and 45 «» ' tecmbe separated easily out from the middle and 
endosperm is filled three times as fast as the capillary in the "Wffft cttonTby means of a forced flow of air, such 
shell itself. Furthermore the length of the steeping time s ^.^™ fluid^rf. The fibres, which are entrained 
period depends on the water * 0 ™J Ty the flddization medium, are separated therefrom em- 

ture content is raised to the range from 23-26% by weigni y cyclones. The fibres thus separated 

^cout^^ 

Zm «%bv ieieht based on the weight of the moistened the remaining mixture by conventional techniques. 

tZZt:& aTcld to the pefphery of the kernel 55 Examples thereof am inter 

fnd which would deteriorate the operation of the thermal ration on dens,* (density difference) ekctromc _scanmng 

Iw^rk S removed advantaeeously for example with the aid and extraction. The mixture remaining after this separation 

l&S^SSff^ of the'thermal shock. can be farther separated into starch and gluten by conven- 

Therefore the inventive method differs from the conven- tional techniques, 

tional Seeping s » of wet methods according to the prior 60 As indicated hereinabove briefly, preferably the method 

art w 3 the gTains are wetted throughout. according to the invention comprises a sorting step^ preced- 

n the presentation the expression "shell which ing the pretmatment step, wherem the ce rea are 

contains fibres" is meant to be the outer fibrous layer or separated into a fraction of whole cereal jgrains ^anu 

grains, i.e. cereals from which the foreign matter and broken electromagnets). A preferred sorting teenmq 



02/21/2003, EAST Version: 1.03.0002 



US 6,368,649 Bl 



optical recognition, e.g. using socaUed vision sym 
whereby an improved separation can be achieved. Optical 
recognition systems are commercially available, for 
example from Pulsarr, and these systems are already used for 
sorting peas and beans. This improved method of optical 
sorting cereal grains and foreign matter can also be applied 
advantageously in the existing processing of cereals, both 
dry and wet processing. 

In order to acquire the information about the starting 



fluidization medium, which gas is supplied via conduit 14. 
The fraction of fibre-containing shells is discharged from the 
fluidization device 11 through discharge conduit 15 into an 
additional separation unit 16 and subsequently via conduit 
17 and optional heat-exchanger 18 to fibre storage 19. The 
remaining particles of starch and gluten and the germs pass 
into degerming device 13 via classifying unit 12, in the latter 
occurring a further separation in size and/or weight In the 
degerming device 13 the germs are seperated by vibration 



In order to acquire the information about the starting an ^ dischargecl to storage 21 via conduit 20. The remaining 
material which is needed for the pretreatment step and mixiVLTC ^ scpar ated into a gluten fraction and starch fraction 
cryogenic crimping step, the fraction of whole cereal grains usiDg ^ clectrostatic separator 22, which is operated under 



is analysed and examined, e.g. on moisture content, size, 
color, (number of) cracks and the like during or after the 
optical sorting operation. 

The mixture of starch and gluten, which remains after 
removal of the fibres and the germs, can be subjected to a 
finer milling operation, wherein the size is reduced to a 
maximum of about 70 microns. Then this milled mixture is 
advantageously separated with the aid of static electricity. As 
starch and gluten possess different polarities-starch is 
neutral, while gluten is highly positive— this differencein 
polarity can be utilized for the intended separation. The 
movement of the gluten fraction to the respective electrode 
can be enhanced by incorporating the materials to be sepa- 
rated in a carrier gas. In order to avoid dust explosions 
preferably this step is carried out in an inert gas atmosphere, 
like nitrogen. Thereby dry starch and dry gluten are obtained 
as separated fractions. 



using an electrostatic separator 22, which is operated under 
a nitrogen atmosphere. Optionally a finer milling operation 
(not shown) is applied preceding the electrostatic separation, 
is The gluten fraction is discharged to storage 25 via conduit 
23 and an additional separator 24. The starch fraction is 
removed via conduit 26 and discharged to storage 27, 
optionally after being predried and subjected to a heat 
exchange in the pretreatment device 2 with fresh supplied 
corn. Insufficiently milled material is returned to the inlet of 
the chamber 6 via return conduit 29. The electrostatic 
separator is maintained under an atmoshere of nitrogen gas 
in order to minimalize the risk of a dust explosion. 

EXAMPLES 

The invention is further illustrated by the following 
non-limiting examples. 

A quantity of corn grains (1000 g) was steeped for 1 hour 
in a large volume of water (1,5 1), whereby the moisture 



20 



25 



separated tractions. in a wigy v ^ umv vi "«*~. v — * * . 

ni d« tossed .Dove on be beoracMy mod •» „ eooienl MlMjr being 16.0* by ni.igj.i wn. rased to 
JK.TffiS^JctS^c.dtol » lb. Prion «!• 25.05* b, woigbn The oon, Jta ;P nenora.t.o.. w» com- 

numbe?of e Jrito ^^T^TmLg devices, long functions as a stator, can be provided with 3 blades, an upper 
^iS^uS s^rage periods are superflu- blade, which is called an impact blade and *o a*ac*n 
ous in The method steps according to the invention. „ blades, disposed below the impact^ blade. Tfce distance 



The dry starch thus obtained needs only to be mixed with 
the precise amount of water in the preparation of a starting 
slurry for the refining into syrups of glucose. 

Corn is fed via a feeding conduit 1 into a pretreatment unit 

4 . > 11. • »L„ ^.mti-antiTittnt unit 



between the blades and the housing was adjusted at 5 mm, 
so that in any case the germs would not be damaged. In 
example 1 the impact blade was not used. The finest product 
did fill the stator which was provided with protrusions, with 



Corn is fed via a feeding conduit 1 into a pretreatment unit t ^ fa fect the quanlity of the fraction having 

2. The corn is sorted optically in the pretreatment unit 45 dimeQsions of <1<4 mm was higher. In Example 2 the mill 
2-^damaced grains and foreign matter being discharged via ' . « - ^ 



had aU 3 blades, while in Example 3 only the impact blade 
and that blade which is situated directly below the impact 
blade were used. The number of revolutions was set at the 



TABLE 1 



Example 1 



Example 2 



Example 3 




WEIGHT 
(g) 



WT. 



discharge conduit 3—, and after measurement of the initial 
moisture content the sorted corn is moistened with a prede- 
termined amount of water, which is supplied via concuit 4 ^ ^ Examples. 
After the moisture content has been raised to about 25% by So 
weight, based on the wet grains, the corn is passed to a 
thermal insulated chamber 6 via connecting conduit 5, in 
which chamber the corn is immersed in a bath of liquid 
nitrogen, which liquid nitrogen is supplied via a conduit 7 
and directly afterwards the corn is subjected to a coarse 55 
milling operation. As a result of these treatment steps a dry 
mixture is produced, wherein all constituents of the corn 
grains initially charged are present. After the coarse milling 
operation, a coarse fraction of light parts of the fibrous shell 
is separated, which is passed to a fibre separation unit 16 via 60 

conduit 28. The remaining mixture is passed to separation _ 

units arranged in series via conduits 8, 9 and 10, which CO n ta i D ed mainly in the fraction X>6.3 mm, 

ents. Nitrogen gas is used in the fluidization device 11 as through 4.0 mm. 



X<1.4 
1.4 < X < 2.4 
2.4 < X < 4.0 
4.0 < X < 6.3 
X > 6.3 



111.9 
127.3 
26X0 
146.7 
95.3 



10.9 
14.7 
48.1 
19.5 
6.8 



187.3 
155.9 
362.3 
166.2 
85.5 



19.3 
14.2 
47.7 
15.9 
2.8 



183.7 
133.4 
297.6 
218.6 
138.5 



18.3 
10.4 
36.3 
23,8 
11.2 
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When the obtained fractions of Example 3 are separated the fibrous shell split 

according to the invendot , gothc respecUve components, & aft 

the following results are achieved. cxposing the ccrea l £rins with water in the capillaries 

TABLE 2 5 to thermal shock with a cryogenic medium; 

12f c ) subjecting the cereal grains which were thermally 

fxample 3 shocked to a mechanical treatment to remove the 

~ fibrous shells; and 
WEIGHT (g) wt, % ^ ggp^^g the mec hanically treated cereal grains into a 

mKES 48.99 io.4 10 fraction of decorticated cereal grains and a fraction of 

germs 37.48 8.0 fibrous shells. 

coarse milling 210.77 44.8 g met h 0 d according to claim 7, the method further 

fine milling 172.85 36.8 comprising processing the decorticated cereal grain fraction 

STARCH & GLUTEN 383.62 81.6 (9) * P & ^ 



-the value presented in () U the percentage by weight of gluten 9. The method according to claims 7 or 8 wherein the 

15 moistening is for about 15 to about 60 minutes. 

Representative results of a conventional separating i<). A method of processing cereal grains into starch and 

method according to the prior art are 21% of fibres, 6% of gluten, which cereal grains have at least a fibrous shell, a 

germs, 5% of gluten and 67% of starch. It is apparent that in germ an d capillaries in the shell and around the germ, 

the method according to the invention it is possible to work wherein the method comprises: 

substantially without water, but that also the efficiency of the 20 a ^ a pretrea t me nt step of subjecting the cereal grains to a 

separation is improved, thereby achieving a higher yield of moistening treatment, wherein the cereal grains are 

starch and gluten. subjected to moisture to put water into the capillaries in 

Although the above example is directed to a method an amoun t effective for making the fibrous shell split 

according to the invention starting from corn grains it is from lhe rema ining portion of the grain after a thermal 

believed that other cereals, which have a similar shell 25 shock, but without moisture penetration of the 

structure having a capillary therein, as well as a capillary eD dosperm and a step of subjecting the cereal grains 

surrounding the germ, can be processed into fractions of thug exposed t0 the thermal shock to a mechanical 

starch and gluten respectively in a similar manner, wherein treatment thereby removing the fibrous shells; 

the time of the moistening treatment will vary from kind to scparation step of separating the cereal grains thus 

kind which time is necessary to allow the capillaries being 30 b) fraction ofdecorticated cereal grains and 

fill ^ P Sed is- ' fracti0D of the fibrous shells; and 

1 A method of removing fibrous shells from cereal grains, c) further processing of the fraction of decorticated cereal 
wherein the cereal grains are com grains, the method com- grains into a starch fraction and a gluten fraction. 

ri^. ~ 11. A method according to claim 10, wherein during the 

„ J ti.t^; nn ctPtv pretreatment step the moisture content of the cereal grams 

a moistening step, being com is adjusted within the range of 23^26% by 

a step of exposure of the cereal grains to a thermal shock J^^^^ wcight of the mois tened cereal grains. 

by a cryogenic medium after the moistening step; and ^ ^ accofding t0 claim 10> wherein the moist- 

a step of mechanical treatment thereof after the thermal eniQg treatment comprises steeping the cereal grains in 

shock, wherein the cereal grains in the moistening step 40 water for a per j 0 d 0 f time from 15-60 minutes, 

are subjected to moistening by steeping the cereal 13 A metn od according to claim 10, wherein the 

grains in water for a time effective to increase the mechanical treatment comprises the step of coarsely milling 

moisture of the cereal grains to a range of 23-26% by fo t cerea ] g ra ins in such a manner that the germs remain 

weight based on the weight of the moistened cereal mlact . 

grams . 45 14. A method according to claim 13, wherein said further 

2 A method according to claim 1, wherein the method processing comprises a second separation step of separating 
further comprises separating a germ free fraction into a the decorticated cereal grains into a fraction of germs and a 
starch fraction and a gluten fraction using static electricity. germ free fraction, and a third separation step, wherein the 

3. A method according to claim 1, wherein the moistening germ free fraction is separated into the starch fraction and 

step comprises the filling of empty capillaries, which empty 50 the gluten fraction. . , , , , 

capillaries are present in the shell, as well as between the 15. A method according to claim 14, wherein the second 

germ and the endosperm matrix. separation step is carried out on an inclined and vibrating 

4 A method according to claims 3 or 1, wherein the corn conveyor, 

grains are allowed to steep in water for a period of time from 16, A method according to claim 14, wherein the third 

15-60 minutes separation step is carried out using static electricity. 

5. A method of separating decorticated cereal grains, 17. A method according to claim 10, wherein the method 

which are reduced in size and which do not contain germs, comprises a sorting step of sorting the cereal grains, pre- 

into a starch fraction and a gluten fraction, wherein the ceding the pretreatment step, wherein the cereal grains are 

starch fraction and gluten fraction are separated from one separated into a fraction of the whole cereal grains and a 

another by static electricity. fraction, which comprises foreign matter and/or damaged 

6 A method according to claim 5, wherein the separation ^ cereal grains, 

is conducted in an inert gas atmosphere. 18. A method according to claim 17, wherein the sorting 

7. A method of processing cereal grains, which cereal step is carried out using optical recognition techniques, 

grains have at least a fibrous shell, endosperm, a germ and 19. A method according to claim 17, wherein the initial 

capillaries in the shell and around the germ, the method moisture content ^of the fraction containing the whole cereal 

comprising: 65 grains is determined. 

a) subjecting the cereal grains to moisture to put water 

into the capillaries in an amount effective for making ***** 
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